
U.S. Department of the Interior 
U.S. Geological Survey 

 

 
 
 
 
 
 
 
 
 
The National Map Catalog Technical Discussion Paper 
Viewscales and Their Effect on Data Display 
 
 
 
 
 
 
 
 

 
Larry Moore 
Mid-Continent Mapping Center 
December 2003 [slightly edited February 2004] 

 

 

 

 

This document is for internal use by USGS National Mapping Program personnel. It 
has not been reviewed for conformance with USGS editorial standards and has not 
been approved for formal publication. Any use of trade names is for descriptive 
purposes only and does not constitute endorsement by the US Government. 

 



i 

Table of Contents 
 
1 Introduction............................................................................................................ 1 
2 The Meaning of Viewscale .................................................................................... 1 
3 Current Viewscale Values ..................................................................................... 2 
4 Discussion .............................................................................................................. 3 

4.1 Viewscales Tailored to Each Layer .................................................................................... 3 
4.2 Viewscales Set by the Data Provider .................................................................................. 3 
4.3 Default Catalog Values ....................................................................................................... 4 
4.4 Difficulties in Assessing Viewscale-Dependent Behaviors................................................ 4 
4.5 Points of Responsibility ...................................................................................................... 4 

5 Making Changes .................................................................................................... 4 
6 Viewscales for All Layers by Theme .................................................................... 5 



Viewscales and their effect on The National Map displays 

1 

1 Introduction 
One important characteristic of The National Map viewer is the availability of multi-scale data.  
The virtual map covers the entire country, and for any particular area may include hundreds of GIS 
data layers.  Deciding which layers to display at what zoom factors is both important and difficult. 

These decisions are related to map scale, data resolution, and the purposes of the application.  
Unfortunately, they do not correlate exactly to any of these factors.  To see why this is true, 
consider a simple example of data being served from a county WMS.  When the entire county is 
displayed in a typical browser window, the map may have a scale near 1:300,0001.  County 
application designers may decide that the boundary and major roads should be displayed at all 
times.  This is reasonable behavior for the county application, but less reasonable when the same 
data are used in a national application.  Displaying county boundaries at all times leads to a dense, 
cluttered map when the entire U.S. is displayed.  But restricting the boundary display to 1:300,000 
and larger scales would mean that no county boundaries are visible until a single county nearly fills 
the browser window.  A national application probably wants county boundaries to be available for 
display at scales of around 1:3,000,000, when a State or group of States fills the browser window. 

2 The Meaning of Viewscale 
Display thresholds are stored in the The National Map Catalog in decimal degrees per screen 
pixel.  The deg/pix value gets smaller as the scale of the display gets larger.  These are typical 
values at selected zoom factors in The National Map viewer: 

Area displayed deg/pix 

Continental US 0.100 

Missouri 0.010 

One Missouri county 0.001 

 

Two viewscale values are assigned to every WMS layer.  For a selected layer, the maxviewscale is 
the largest deg/pix value (smallest map scale) at which the layer is available for display.  The 
maxviewscale for low-resolution or small-scale layers is relatively large.  For a map service whose 
domain is North America, any value of maxviewscale greater than roughly 0.2 essentially means 
"display this layer no matter how far the display is zoomed out."  

Similarly, the minviewscale is the smallest deg/pix value (largest map scale) at which a layer is 
made available to an application.  For most layers this value is currently set to 0, which means 
"once visible, continue to make this layer available no matter how far the display is zoomed in."  
(As will be seen below, 0 is perhaps not the best choice for achieving this behavior.)   

When many layers and large areas are involved, it is not easy to predict the visual effects that will 
result from various combinations of maxviewscale and minviewscale values.  Experience to date 
has been that ongoing attention to and adjustment of viewscales is necessary. 

                                                 
1 The numbers used in this example are order-of-magnitude.  The apparent scale of a screen display is obviously 
affected by many factors, including the resolution of the monitor and the size of the browser window. 
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3 Current Viewscale Values 
Fig 1 illustrates the max and min viewscales for selected layers in The National Map.  The layers in 
the figure are mostly small-scale base layers, but also include several important larger scale layers.  
Pages at the end of this report contain similar charts for all layers, by data theme. 

The left side of each bar is the value of minviewscale, the right side maxviewscale.  The length of 
the bar represents the range of scales at which the layer is available for viewing in the public 
viewer2.  The labels on the left side are layer names as they are stored in the Catalog; these names 
are the labels that display in public viewer to describe the layers3.  

The x-axis of Fig 1 is a logarithmic scale.  This is necessary because of the extremely wide range of 
data scales that are typically part of WMS applications.  A viewscale value of (for example) 
.000287 equals 2.87∗10-4, which would fall between the 10-4 and 10-3 marks on the lower X axis, 
near the second line to the right of 10-4. 

The bottom of the x-axis is labeled with degree/pixel values stored in the Catalog and used by The 
National Map viewer application.  The top of the x-axis is labeled with the approximate map scales 

                                                 
2 The viewscale values stored in the Catalog do not, by themselves, dictate any application behavior.  An application 
must read and interpret the viewscale values correctly.  The National Map public viewer does this, but other 
applications could choose to ignore the viewscale values. 
3 The numbers in angle brackets are not part of the layer name.   They are the database ID numbers of the layers, added 
to the name string for the graphs in this report. 
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Figure 1.  Min and max viewscales for selected key layers in The National Map.
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that correspond to the deg/pix values on the bottom.  The map scales are only approximate because 
the scale of a map display on a computer screen depends on the size and resolution of the monitor.  
East-west scale also varies with latitude4.  The values in the figure are for north-south scale on a 
21” monitor with 1154x768 resolution. 

The Catalog currently uses minviewscale values of 0 to indicate no “zoom in” limit.  This works in 
computer applications, even though the math isn’t quite right.  A value of 0 deg/pix implies an 
infinite map scale; in the data used to construct the figures in this report, 0 was changed to 10-8 to 
allow the data to be plotted.  More importantly, it is hard to imagine a GIS dataset for which 
viewscales much smaller than 10-8 deg/pix would make any sense. 

Similarly, some maxviewscales in the Catalog are currently set to the exceptionally large value of 
10 to indicate no “zoom out” limit.  These values were changed to 0.5 for the plotted data in this 
report.  

Therefore, on the plots in this report the full range of viewscales is 10-8 to 5*10-1 degrees/pixel. 

4 Discussion 

4.1 Viewscales Tailored to Each Layer 
Fig 1 illustrates several display scale characteristics that might be undesirable: 

1. Three raster data sets (land cover, NED shaded relief, and urban area DOQs) have 
minviewscales of 0, which allows the user to zoom to pixel and even sub-pixel levels.  At 
high zoom factors, raster datasets clutter the screen without showing any useful information. 

2. Urban area high-res DOQs become available for display at scales nearly six times smaller 
than the scale at which standard DOQs become available for display. 

3. NHD 100k water bodies become available for display at scales nine times smaller than 100k 
streams. 

There is nothing exactly wrong with any of this, and it is even possible these characteristics of the 
data are intentional.  But they are more likely a result of The National Map technical 
implementation getting ahead of data evaluation procedures. 

4.2 Viewscales Set by the Data Provider 
Viewscales can be set by the Web Map Service that provides the layer to The National Map.  From 
the perspective of the service, the Catalog is just another application using the data, and cannot 
override restrictions placed on data display by the service.  The application can make the viewscale 
values more restrictive than those defined by the service, but cannot make them less restrictive.  For 
example, if a service allows data to be displayed at scales between 10-6 and 10-4, the Catalog can 
make this range narrower, but cannot broaden it on either end. 

In some cases, such as the county example in the introduction, service restrictions may preclude a 
reasonable display in a national application.  In such a case, some compromise must be sought 
through negotiation with the partner.  
                                                 
4 Defining scale in degrees/pixel makes east-west scale vary with latitude.  Only at the equator is the scale the same in 
all directions.  This has the visual side effect in The National Map viewer of "stretching" the displays in the east-west 
direction, which makes circles display as ovals and squares display as rectangles or other non-square quadrilaterals. 



Viewscales and their effect on The National Map displays 

4 

4.3 Default Catalog Values 
The Steering Team might want to assign one or more of the design teams the responsibility to   
establish some guidelines for viewscale values.  There are at least two issues that deserve some 
attention: 

• Is it desirable to set default limits on viewscale range, perhaps based on the nominal map 
scale of the data layer?  It is currently common for the declared viewscale range to span five 
or more orders of magnitude. 

• Is it wise to allow infinitely small and infinitely large viewscales for any dataset (the current 
range of 0-10).  A maximum range of 10-8 to 10-2 might be more sensible. 

4.4 Difficulties in Assessing Viewscale-Dependent Behaviors 
Display scales in The National Map environment are obviously more complex than traditional map 
scales.  The huge volumes of data and multiple scales make it difficult to make decisions about 
display scales from traditional cartographic experience. 

Even understanding the meaning of actual current viewscale values is not especially easy.  
Producing the graphs in this report required software tools and specialized knowledge that, while 
technically available to anyone in the Geography Discipline, are not yet used by many people.  
Viewscales for all public layers were extracted from the Catalog database with an SQL query, and 
the data imported into an Excel spreadsheet to create the graphs. 

The internal viewer MapView is also very helpful in analyzing the visual effects of viewscales.  
MapView exposes much detail that is hidden by the public viewer, including more precision on 
viewscale values and extensive service-level metadata about layers. 

4.5 Points of Responsibility 
At this writing, responsibility for making decisions about data parameters like viewscale has not 
been clearly assigned.  In current practice, several groups have overlapping interests: 

1. MPOs are responsible for working to define data presentations that are mutually acceptable 
the USGS and the partner.  MPOs have been given broad authority to make decisions about 
data content and data presentation. 

2. Base data design teams are responsible for defining data content standards for The National 
Map. 

3. Catalog Support Teams are responsible for implementing partnerships by populating and 
maintaining the Catalog.  In principle, the CST has no authority to make decisions about 
data content.  But in actual practice, many of the details of data presentation – frequently 
including viewscale values – are left to the CST by default. 

5 Making Changes 
Viewscale values, while important to the look and feel of The National Map viewer, have not 
received a great deal of attention during the early stages of The National Map implementation.  

The easiest way to request a change to a viewscale value is to send email to the CST at 
“GS-N-MCMC Catalog Support Team.”  Include the name and ID number of the layer, and the 
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new deg/pix values of the desired max and min viewscales.  Until different guidelines are 
established, such requests will be accepted from MPOs and design teams. 

6 Viewscales for All Layers by Theme 
The following pages contain graphs similar to Fig 1, but for all public layers in The National Map, 
organized by data theme.  The graphs illustrate that the types of apparent anomalies described for 
the layers in Fig 1 are common in all data themes.  Particularly noticeable is the large number of 
layers that have no “zoom in” limit – that is, the minviewscale is set to zero, so the layer will 
continue to display no matter how far the user zooms in. 

The following SQL code, when run against the Catalog database at Oracle instance "test9i", will 
print a listing of layers with viewscales, by data theme.  A similar query was used to generate the 
data for the graphs in this report. 

set linesize 140 
set pagesize 52 
 
column theme noprint format a30 new_value theme_name 
column themeid noprint 
column service format a30 heading 'Web Map Service' trunc 
column subtheme format a12 heading 'Sub-Theme' trunc 
column layer format a55 heading 'WMS Layer' trunc 
column min format 90.9EEEE 
column max format 90.9EEEE 
set trimspool on 
 
break on theme skip page on service 
 
ttitle left 'Public Layers for ' theme_name skip 1 
 
select themes.name theme, 
       themes.id themeid, 
  services.name service, 
  classifications.name subtheme, 
  to_number(elements.minviewscale) min, 
  to_number(elements.maxviewscale) max, 
    elements.title layer    
from   themes, 
  classifications, 
  element_classifications ec, 
  elements, 
  services 
where  themes.id=classifications.themeid 
   and classifications.id=ec.classificationid 
   and ec.elementid=elements.id 
   and elements.serviceid=services.id 
   and elements.status='PUBLIC' 
   and services.status='PUBLIC' 
order by themeid, service, subtheme, layer 

/ 

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 

6 

 

1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

NHD 2D Names (CUES) <2397>

LD_NHD_2D_FEATURES (CUES) <2396>

NHD 1D Features (CUES) <2399>

NHD Stream Levels and Names (CUES) <2398>

NHD Waterbody Reaches (100K) <979>

NHD Transport Reaches (100K) <980>

NHD Network (100K) <981>

Streams 2M (National Atlas) <2021>

NHD Waterbodies (100K) <978>

Streams 7.5M (National Atlas) <2020>

Waterbodies 7.5M (National Atlas) <2019>

Viewscales for Hydrography Data Theme

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 

7 

1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

Street Names (Buncombe Co)  <1575>

Road Names (Story County) <1185>

Road Centerlines (Story County) <1184>

Main Roads (Story County) <1183>

Railroads (Sedgwick County) <2337>
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Railroads (WA-ID Pilot) <263>

Railroads (Denver Pilot) <92>

Railroad Stations and Structures(Denver Pilot) <90>

Railroads (Utah Pilot) <135>

Miscellaneous Transportation (Denver Pilot) <94>

Railways (NC OneMap) <1596>

Major Roads (USGS) <832>

Major Highways (MetroGIS) <949>

Tahoe Roads (Main) <69>

Henderson Co Major Roads <211>

FS trail (Region 3) <2391>

FS roads (Region 3) <2390>

Roads (WA-ID Pilot) <261>

Airports (NC OneMap) <1615>

Interstate Highways (NC OneMap) <1613>

Primary Routes (NC OneMap) <1612>

Kansas Highways (RNMP-DASC) <2185>

Arkansas Roads AHTD (RNMP-CAST) <2209>

Missouri Highways (RNMP-MSDIS) <2205>
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Intermediate Contours (Denver Pilot) <88>
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Index Contours (Denver Pilot) <89>
Index Contours  (Albuquerque Pilot) <1033>

Contours (Utah Pilot) <121>
Spot Elevations  (Albuquerque Pilot) <1382>

Vertical Elevations (Delaware Pilot) <815>
Contours (WA-ID Pilot) <256>

Elevation Contours (Delaware Pilot) <805>
Tahoe Contours 50K <68>

Elevation Contours (Missouri Pilot) <2133>
DOQ Shaded Relief (Missouri Pilot) <2113>

NED Shaded Relief (Mecklenburg) <147>
DOQ/DRG Shaded Relief (Missouri Pilot)

DRG Shaded Relief (Missouri Pilot) <2112>
CONUS Shaded Relief - NED (Utah Pilot) <113>

Tahoe Color Shaded Relief <51>
SRTM (LA) <1190>

Tahoe Contours  <67>
Contours (WA-ID Pilot) <257>

Shaded Relief (WA-ID Pilot) <245>
Shaded Relief (Denver Pilot) <75>

Shaded Relief - 10m (Albuquerque Pilot) <1022>
North America Shaded Relief (Utah Pilot) <112>

Shaded Relief (Montana) <1645>
Alaska NED Shaded Relief  <870>

US NED Shaded Relief  <873>
Puerto Rico NED Shaded Relief  <872>

Hawaii NED Shaded Relief  <871>
GTOPO60 Grayscale Shaded Relief <1691>

GTOPO60 Color Shaded Relief <1692>

Viewscales for Elevation Data Theme
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County Boundaries (USGS) <826>
Tahoe National Parks <64>

Tahoe County Boundaries <62>
Tahoe Regional Parks <65>
Henderson Co Parks <207>

Missouri County Names (RNMP-MSDIS) <2202>
FS Private land owners (Region 3) <2387>

FS boundary (Region 3) <2389>
FS Special Management (Region 3) <2388>

Parks (WA-ID Pilot) <253>
Administrative Boundaries (USGS) <825>

Utah State Boundary (Utah Pilot) <144>
LOUDOUN COUNTY (CUES) <2370>

Administrative Boundaries (Utah Pilot) <117>
Parishes (LA) <1197>

Henderson County <212>
County Boundaries w/ Selected Population Stats (NC OneMap) <1579>

County Boundaries (Utah Pilot) <138>
Kansas County Boundaries (RNMP-DASC) <2183>
Missouri State Boundaries (RNMP-MSDIS) <2208>

Missouri County Boundaries (RNMP-MSDIS) <2207>
Arkansas Counties 2000 Tiger (RNMP-CAST) <2210>

Municipal Boundaries (Delaware Pilot) <801>
Federally Administered Areas (WA-ID Pilot) <248>

State Administered Areas (WA-ID Pilot) <249>
Boundary (LA) <1189>

County Boundaries - MnDOT Basemap 2001 (LMIC) <1018>
County Boundaries (MetroGIS) <916>

Boundary - County (WA-ID Pilot) <267>
Tribal Lands (WA-ID Pilot) <250>

State and Province Boundaries (USGS) <838>

Viewscales for Boundaries Data Theme (1)
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Cultural Boundaries (Denver Pilot) <78>

W ASHDC PARKS (CUES) <2394>

Boundary Monuments (Delaware Pilot) <816>

Tahoe City Boundaries <66>

State Boundaries (USGS) <839>

Federal Land Names (Utah Pilot) <119>

State/County Lines (Delaware Pilot) <812>

Parks (Ames) <1165>

Park (Sedgwick County) <2331>

City Limit (Cape Girardeau, MO) <2121>

Corporate Limits (Story County) <1179>

Missouri City Boundaries (RNMP-MSDIS) <2201>

County Boundaries (Denver Pilot) <99>

County Names (Denver Pilot) <105>

Urban Areas (LA) <1188>

City (Sedgwick County) <2329>

DC Region Counties (CUES) <2400>

Township (Sedgwick County) <2330>

County Boundary (Sedgwick County) <2336>

FS Private Land Ownership (Pike NF Pilot) <2443>

FS Boundary (Pike NF (partial boundary)) <2445>

FS Section Boundaries (Geo. Coord Data Base)(Pike NF) <2444>

LOUDOUN CO MUN_BNDYS (CUES) <2369>
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Hender son Co Aer ial .sid <206>

Digi tal  Raster  Gr aphic (DRG) (Missour i  Pi lot) <2115>
TM Image 2002 (LA) <2409>
TM Image 1993 (LA) <2410>

DOQ (Ter r aSer ver  USA) <1652>

Or tho Photos (Montana) <1646>
DOQ (Albuquer que Pi lot) <2167>

St. Louis Ci ty Aer ial  Photo (MSDIS) <285>
St. Louis County Aer ial  Photo (MSDIS) <284>

Caples NE 1987 DOQs (Tahoe) <56>

East Tahoe DOQs <52>
Tahoe SPOT Image(Satel l i te) <48>

Tahoe ASTER Image <47>
Tahoe Landsat (Satel l i te) <49>

West Tahoe DOQs <53>
Al l  Ur ban Ar ea High-Res DOQ layer s

DRG (Ter r aSer ver  USA) <1653>
LANDSAT7 <197>

LANDSAT7 Index <198>

Viewscales for Imagery Data Theme

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 
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Land Use/Cover (Delaware Pilot) <800>

National Land Cover, MO (Missouri Pilot) <2106>

National Land Cover, IL (Missouri Pilot) <2107>

National Land Cover Dataset (WA-ID Pilot) <246>

Land Cover  (Albuquerque Pilot) <1023>

Land Use (Story County) <1167>

Tahoe National Land Cover <50>

Land Cover (Denver Pilot) <77>

Hawaii Land Cover - NOAA Coastal Change Analysis (USGS) <824>

USGS Current Greenness (NDVI) (TEST)  <1924>

USGS NLCD <874>

USGS NLCD 2001 Percent Canopy Density (TEST) <1978>

USGS NLCD 2001 Percent Impervious Surface (TEST) <1977>

USGS National Land Cover Database 2001 (TEST) <1974>

USGS Current Fire Potential Index (TEST)  <1930>

Viewscales for Land Use Land Cover Data Theme

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 
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Names (LA) <2416>

Road Labels BTS <1695>

Tahoe Feature Names (GNIS) <72>

Geographic Names (Utah Pilot) <143>

GNIS Names (Denver Pilot) <108>

Populated Places (USGS) <842>

Cities (WA-ID Pilot) <252>

Cities (Denver Pilot) <106>

Cities (USGS) <841>

GNIS Features (WA-ID Pilot) <266>

Cities (WA-ID Pilot) <251>

GNIS Other Features <1371>

GNIS Parks <1373>

GNIS Populated Places <1375>

GNIS Summits <1374>

GNIS Civil <1372>

Geographic Names (Delaware Pilot) <817>

Viewscales for Geographic Names Data Theme

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 
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WASHDC BUILDINGS (CUES) <2395>

LOUDOUN CO BUILDINGS (CUES) <2364>

Facilities (LA) <1207>

Misc. Features (Pts - Delaware Pilot) <814>

Structures - polygons (Denver Pilot) <101>

Structures - lines (Denver Pilot) <102>

Structures - points  (Denver Pilot) <103>

Public Universities (NC OneMap) <1595>

Public Schools (NC OneMap) <1622>

Community Colleges (NC OneMap) <1623>

Misc. Features (Areas - Delaware Pilot) <804>

Misc. Features (Lines - Delaware Pilot) <808>

Structures - Kootenai Co. (WA-ID Pilot) <265>

Tahoe Structures <71>

Man Made Structures (Missouri Pilot) <2120>

City Structures (Cape Girardeau, MO) <2131>

Schools (LA) <1200>

Fire Station (Sedgwick County) <2338>

Hospital (Sedgwick County) <2341>

EMS Station (Sedgwick County) <2339>

Cemetery (Sedgwick County) <2340>

Regional Centers (Denver Pilot) <104>

NC Schools (Mick_Co) <202>

NC Hospitals (Mick_Co) <204>

FS point features (Region 3) <2392>

Public Hospitals (NC OneMap) <1624>

Regional Centers (USGS) <840>

Viewscales for Structures Data Theme

 



Viewscales and their effect on The National Map displays 

Data are from The National Map Catalog, November 25, 2003.  Refer to Fig 1 and associated narrative in the body of this report for 
explanation of the graphs. 
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Points of Interest (Sedgwick County) <2342>
Partnership Projects <843>

Dimensions (Wake County) <1628>
Parcels (Wake County) <1630>

Parcels (Buncombe Co)  <1573>
Quarter Quarter Labels (BLM) <2067>
Public Land Survey (Utah Pilot) <120>

UTM 1Km Grid (Delaware Pilot) <813>
Places (LA) <1204>

Quarter Quarter Boundaries  (BLM) <2064>
Section Boundaries (BLM) <2065>

Section Labels (BLM) <2069>
Township Boundaries (BLM) <2066>

Henderson Co Fire Dist <208>
Golf Course (Sedgwick County) <2332>

Henderson Co Parcels <209>
Lafayette DOQQS (LA) <2415>
Zoning Districts (Ames) <1168>

County Zoning (Story County) <1169>
Zoning Overlay (Ames) <1178>

County Seats (NC OneMap) <1625>
School Districts - 1999 (LMIC) <997>

ETJ (Wake County) <1629>
Township Labels (BLM) <2070>

Mecklenburg Co Fire Zones  <199>
Tahoe 7.5' Quad Boundaries <57>

Blue Ridge Parkway (NC OneMap) <1614>
24k Quad (LA) <2412>

Township Boundaries - Overview (BLM) <2056>
Tahoe Project Boundary <63>

Boundary - (WA-ID Pilot) <268>
Administrative Districts (Buncombe Co)  <1577>

Catalog Partner Names <2267>
0-24k Coverage (orange) <2839>

Catalog Footprints <1053>
Catalog Partner Stars <1055>

Viewscales for Other and Administrative Data Themes

 


